Biodiversity of mites (Acari) is currently the field of extensive studies all over the world. Each year many papers with descriptions of new taxa, based largely on external morphology, are published. since the DNA barcoding system, using predominantly the nucleotide sequence of cytochrome oxidase subunit i (coi), has been proposed as an effective method for distinguishing the animal species (Hebert et al. 2003) , some taxonomists begun to apply this approach in their investigations. Numerous studies show that the coi sequences of even closely related species differ by ca. ten fold the intraspecific variability and interspecific distance usually equals to or is higher than 3% (D ≥ 0.03 -Sbordoni 2010), making it possible to identify most metazoan species with high confidence. Recently the D1-D2 region of the nuclear 28s rrNA gene has been proposed as a reliable barcode marker complementing analyses based on mitochondrial coi (sonnenberg et al. 2007 , Martin et al. 2010 , skoracka and Dabert 2010.
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it is necessary to mention that the barcoding revolution and concept of DNA taxonomy have been widely debated in the past decade and besides the enthusiastic voices which saw in it a tool of unequivocal judge in taxonomic indecisions, it also provoked voices of opponents, who pointed out some deficiencies and limitations in the methods employed by Hebert et al. (2003) . they concerned mainly abandoning both morphological data and other crucial species descriptors in favour of a narrow molecular identification system and disregarding the nature of speciation events, different roles of genetic system, natural selection and evolutionary time (sperling 2003 (sperling , tautz et al. 2003 (sperling , Will and rubinoff 2004 (sperling , sbordoni 2010 . However, there is a general agreement that molecular data play indisputable role in the analysis of biodiversity and that sequence of the mitochondrial coi gene associated with nuclear DNA sequences are the markers most commonly and successfully used in phylogenetic, phylogeographic and population studies.
DNA barcoding is particularly valuable approach in cases, where classical identifying based on morphological features is misleading or very difficult. It concerns especially the species, which despite well expressed genetic separation are morphologically indistinguishable or the differences between them are very obscure. in these cases may increase considerably the overall taxonomic diversity (Hebert et al. 2004 , Johnson et al. 2008 , lumley and sperling 2010 .
the opposite side of DNA barcoding, much less popularized, is the detecting of 'false' morphospecies and thus decreasing the described number of species (e.g. otsuka et al. 1999 , van Niekerk et al. 2004 , otranto et al. 2005 , Pegler et al. 2005 , Harper et al. 2009 , Vrijenhoek 2009 , Wilson et al. 2010 .
Molecular diagnostics may be also used with success in systematic acarological studies. For instance, DNA barcoding has been applied to extend the standard descriptions of new mite species (Badek et al. 2008 , skoracka 2009 , glowska et al. 2012a and as a tool, which supports phenotypic approach and validates the species status within populations of mites from different hosts, e.g. in Otodectes cynotis (lohse et al. 2002) or from various niches, e.g. Hygrobates spp. from different types of water habitats (Martin et al. 2010) .
In some groups of mites, it is possible to confirm the validity of species status and genetic separation by experimental proof of reproductive barriers using laboratory cross-breeding (skoracka 2008), but in other groups, such as obligate permanent bird parasites living inside the feather quills and showing low prevalence (syringophilids), this kind of inference is impossible.
Quill mites (syringophilidae) are currently a subject of intensive taxonomic studies. However, this family is one of the most neglected groups of mites in terms of existing data concerning the biology and ecology of individual species. Within syringophilids, only one species, Syringophiloidus minor (Berlese, 1887), was studied for these aspects (Kethley 1970 (Kethley , 1971 (Kethley , casto 1974a (Kethley -c, 1975a (Kethley -c, 1976 ) and since then no data have been published.
Despite the fact that host specificity in this group is still the matter of discussion and is largely unresolved, it is believed that both mono-and stenoxenous species are among quill mites. However, identifications of all taxa carried out until recently have been based exclusively on morphological characters. the taxonomic work on this group is regularly biased by difficulties in species identification due to uniform body structure and doubtful differential morphological characters at low taxonomic levels. Therefore, DNA-based identification procedure seems to be a promising approach to resolve the taxonomic 'puzzle' within syringophilids.
in this work we have applied the barcode markers, mitochondrial coi gene fragment and nuclear D2 region of 28S rDNA, to test the host specificity and genetic differences of two phenotypically distinct species, namely the stenoxenous Torotrogla merulae skoracki, Dabert et Ehrnsberger, 2000 parasitizing four turdid bird species (Eurasian blackbird Turdus merula linnaeus, song thrush Turdus philomelos Brehm, ring ouzel Turdus torquatus linnaeus and mistle thrush Turdus viscivorus linnaeus) and the monoxenous Torotrogla rubeculi skoracki, 2004 recorded exclusively from the European robin Erithacus rubecula (linnaeus) (Muscicapidae). We show that differences in morphology do not have genetic basis and we hypothesize that they represent evidence of diet-related plasticity, linked to adaptation to local habitat conditions (quill wall thickness adaptation).
MATERIALS AND METHODS

Animal material
the material of quill mites used in the study ( Mironov, 1998 from the chaffinch Fringilla coelebs linnaeus was used as an outgroup for the tree rooting. We did not include in the analysis the material from remaining two hosts of T. merulae, the ring ouzel Turdus torquatus and the mistle thrush Turdus viscivorus, because it was unavailable for us. the collection of the material was carried out by E. glowska in Kopan, Poland (54°27'30''N, 16°25'57''E) during spring migration of birds (monitored by Bird Migration research station, University of gdansk) in April 2009. one feather (among secondaries #2) was completely removed from each bird specimen, then dissected under the stereomicroscope an olympus Zs30 and individual mites were removed. subsequently, transverse sections from the middle part of the quills were made for testing the differences in quill wall thickness between different-sized hosts.
Mites were preserved in 96% ethyl alcohol and, before mounting on microscopic slides, were subjected to DNA extraction. Vouchers were mounted on slides in Faure medium. Photos and measurements were done by olympus DP70 digital camera and olympus BX51 light microscope with Nomarski differential interference contrast (Dic). All measurements are given in micrometres. the exoskeleton of specimens and corresponding DNA samples are deposited in the collection of the Department of Animal Morphology, Faculty of Biology, Adam Mickiewicz University in Poznan, Poland. All sequences have been deposited in genBank under Accession Nos. as indicated in table 1.
Molecular analysis
total genomic DNA was extracted from the whole specimens using DNeasy Blood & tissue Kit (Qiagen gmbH, Hilden, germany) as described by Dabert et al. (2008) . We used sequence data from the cytochrome oxidase subunit i (coi) gene fragment from the mitochondrial genome and D2 region of 28s rDNA as a representative of the nuclear DNA. the cytochrome oxidase subunit i (coi) gene fragment (covering ca. 670 bp of the 5'-terminus of COI gene) was amplified by Pcr with degenerated primers: bcdF01 (5'-cAttttcHActAAYcAtAArgAtAttgg-3') and bcdr04 (5'-tAtAAAcYtcDggAtgNccAAAAAA-3') . Pcr amplifications were carried out in 10 µl reaction volumes containing 5 µl of Type-it Microsatellite Kit (Qiagen), 0.5 µl of each primer (10 µM), and 4 µl of DNA template using a thermocycling profile of one cycle of 5 min at 95 °C followed by 35 steps of 30 s at 95 °C, 1 min at 50 °C, 1 min at 72 °C, with a final step of 5 min at 72 °c. the amplicons were sequenced in one direction using the primer bcdF01 as described below.
Amplification of D2 fragments was done with primers 28F0001 (5'-AcccVcYNAAtttAAgcAtAt-3') and 28r0990 (5'-ccttggtccgtgtttcAAgAc-3') (Mironov et al. 2012) . PCR amplifications were carried out as described above using 0.25 µM of each primer. The D2 region was sequenced in both directions using the primer 28r0990 and the internal primer D1D2fw2 (Sonnenberg et al. 2007 ). After amplification, PCR product was two-fold diluted with water and 5 µl of the sample was analyzed by electrophoresis on a 1.0% agarose gel. Samples containing visible bands were directly sequenced using 1 µl of the Pcr reaction and 50 pmol of the relevant sequencing primer. sequencing was performed with BigDye terminator v3.1 on an ABi Prism 3130Xl Analyzer (Applied Biosystems, Foster city, cA, UsA). sequence chromatograms were checked for accuracy and edited using FinchtV 1.3.1 (geospiza, inc., seattle, WA, UsA).
Alignments of the sequence data were prepared manually with genDoc v.2.7.000 (Nicholas and Nicholas 1997). Pairwise distances between nucleotide coi sequences were calculated using Kimura's 2-parameter (K2P) distance model (Kimura 1980) for all codon positions with MEgA 5.05 software (tamura et al. 2007 ). For D2 sequences F81 one-parameter (f81) distance model was applied.
Phylogenetic analysis
the phylogenetic trees were reconstructed using coi sequences by neighbor-joining (NJ), maximum parsimony (MP), and partitioned maximum likelihood (Ml) analyses in MEgA, PAUP*4 (swofford 2002) and garli v.2.0 (Zwickl 2006) programs, respectively. the appropriate nucleotide substitution model for each codon position (1st = F81, 2nd = tPM2uf + i, 3rd = trN + g) was estimated by jModeltest v.0.1.1 (Posada 2008) . support for the recovered trees was evaluated with nonparametric 1 000 (NJ) or 500 (MP, Ml) bootstrap replicates (Felsenstein 1985) . coi haplotype genealogy was revealed by two methodological approaches: the median-joining (M-J) network approach (Bandelt et al. 1999) as implemented in Network 4.5.1.0p software (http://www.fluxus-technology.com) and the statistical parsimony analysis (sP) using the program tcs v.1.21 (clement et al. 2000) . the M-J procedure was followed by MP-postprocessing (Polzin and Daneschmand 2003) to delete the superfluous links and median vectors in the calculated network. the statistical parsimony (sP) network was calculated to the algorithm of templeton et al. (1992) with the connection limit set to 95% that is assumed to be a species threshold (Hart and sunday 2007) . tree and network visualizations were prepared by tree editing tools in MEgA5 software and corel Draw X5 graphical software.
RESULTS
Torotrogla merulae and T. rubeculi (Fig. 1A, B) are morphologically easily distinguishable and well defined by the following characters: (1) size and shape of hypostomal median protuberances (7-12.5 µm long, thin and sharp-ended in females of T. merulae Fig. 1E, F) .
Even though the dissimilarities in morphology are well expressed and not overlapping (Fig. 2) , they are not supported by the genetic distances between nucleotide sequences, the topology of the reconstructed phylogenetic trees and haplotype genealogy.
the coi alignment we used in the study comprised 48 sequences of ingroup and four of outgroup (with 528 bp each), which arranged in thirteen and three haplotypes, respectively. in contrast, the D2 alignment included 17 sequences of ingroup and three of outgroup glowska et al.: DNA-barcoding in syringophilid mites 
(with 755 bp each) arranged in two and one haplotypes, respectively. thirteen coi sequences of T. merulae occurring on the song thrush varied in 23 sites and could be arranged into seven different haplotypes. Among polymorphic sites, four non-synonymous changes were observed leading to the following amino acid substitutions: leu7ser, Ile77Thr, Met96Val and Gly97Ser. Three first substitutions occurred among T. merulae sequences, the fourth one between T. gaudi and ingroup sequences. seventeen coi sequences of T. merulae occurring on the blackbird varied in ten sites and could be arranged into five different haplotypes. Among polymorphic sites, two non-synonymous changes were observed in sites 7 and 77 as in case mentioned above. Eighteen sequences of T. rubeculi specimens varied in five sites and revealed two haplotypes with no non-synonymous changes observed. the distances among coi haplotypes within analyzed Torotrogla species were relatively low and averaged from 0.1% to 0.8%; only in population of T. merulae occurring 
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on the song thrush the level of differentiation was relatively high and amounted 2.0% ( Table 2 ). The intraspecific divergence in D2 sequences (20 sequences analyzed revealed one haplotype for each species) averaged from 0% to 0.1%. the distances between coi sequences of T. merulae and T. rubeculi were low (1.6-2.4%), whereas between ingroup and outgroup amounted 10.4-10.9% (Table 2) . the distances between D2 region sequences of T. merulae and T. rubeculi were also low at the intraspecific level (0.1%); in fact these two species differ in this gene fragment by only one g/A transition. the distances between T. gaudi and T. merulae and T. rubeculi were 4.4% and 4.3%, respectively (Table 2) .
the topologies of the reconstructed phylogenetic trees also do not support the species status of T. rubeculi (Fig. 3) . All three analyses (NJ, MP, Ml) placed T. rubeculi as a well-supported clade but nested it within T. merulae clade. individuals of T. merulae collected from the blackbird and the song thrush mostly do not group in separate clades but are mixed up in various parts of the trees. in spite of the fact that the basal clades are poorly resolved in most trees, the basal branches of all trees are occupied by haplotypes of T. merulae originating from the song thrush.
the revealed haplotype genealogy supports the conspecific status of T. merulae and T. rubeculi (Fig. 4) . Haplotypes of T. rubeculi originated within the haplotypes of T. merulae, probably coming from the populations inhabiting the blackbird. the M-J network (Fig. 4A) shows two distinct haplotype lines: the first line belonging purely to T. merulae from the song thrush, the second one containing haplotypes from all three host species, including T. rubeculi from the robin. in this second line, there is evident gene flow between mite populations from the blackbird and song thrush. the population from the robin is very homogeneous and no evidence of reverse gene flow (after the primary switch from the blackbird) is observed. the sP approach (Fig. 4B ) reveals a similar situation. The 95% connection limit divides the graph into three separate subnetworks: the first one grouping haplotypes of the outgroup T. gaudi, the second one corresponding to the first line of M-J network containing exclusively hapglowska et al.: DNA-barcoding in syringophilid mites lotypes from the song thrush, and the third one connecting all remaining haplotypes of T. merulae from the blackbird and song thrush, and T. rubeculi from the robin.
DISCUSSION
in our analysis, we showed the incompatibilities between morphological and molecular delimitations of species boundaries in syringophilid mites. since detected differences between Torotrogla merulae and T. rubeculi populations (1.6-2.4% for COI and 0.1% for D2) are comparable to the intraspecific level (0.0-2.1% for COI, 0.0-0.1% for D2) observed in majority of currently recognized European Torotrogla species and are much lower than the interspecific distances (9.6-14.7% for COI and 4.3-4.4% for D2) observed in the genus (Glowska, unpublished data) , and the phylogenetic and genealogical structure do not support their separation, we postulate their conspecificity.
According to the network analysis results, the populations living on the robin originated from mites inhabiting the blackbird. Insignificant intrapopulation differences between haplotypes inhabiting E. rubecula point most likely on a recent origin of this, perhaps accidental, host shift. Although the haplotypes of T. rubeculi are nested now within T. merulae, the restriction on gene flow between morphs is observed. Despite the present conspecific character of these populations, it is very likely that divergent habitat preferences will reflect in the future accumulated genetic variation due to disruption of gene flow between populations, which could lead to genetic divergence and, subsequently, speciation into separate species. this is even more probable because of the vertical scheme of quill mites dispersion and strong isolation of occupied niches.
it is worthy to mention that the statistical parsimony (sP) network analysis recognizes two separate, disconnected haplotype subnetworks in the Torotrogla merulaerubeculi complex, one limited exclusively to haplotypes found on the song thrushes and the second one grouping remaining haplotypes from all three host species. According to recent investigations, it is suggested that such separate sP subnetworks correspond to linnean species (Hart and sunday 2007, chen et al. 2010) . However, at the present state of knowledge, we do not incline to conclude that these two subnetworks should be considered as separate species. lowering the probability of parsimony from 95% to 94% in SP analysis produces one network of T. merulae and T. rubeculi haplotypes (Fig. 4B, dotted  lines) . to draw any systematic conclusion on this issue glowska et al.: DNA-barcoding in syringophilid mites Fig. 3 . Dotted lines in statistical parsimony networks show the mutational connection at the lowered probability of parsimony from 95% to 94%.
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we would need much more extensive haplotype sampling from all host species and from more numerous host individuals. the phenotype is a product of the interaction of inherited genetic information with the environment, so the further question we pose is: if we are dealing just with a single species, what is the reason of such morphological distinctions? Actually, we do not know the real cause of the presence of two morphotypes. the character of differences between T. merulae and T. rubeculi (mainly structures used for feeding) leads us to assume that it should be linked with diet-related plasticity.
in the context of phenotypic plasticity (the ability of a single genotype to produce multiple phenotypes in response to environmental changes) and its role in the evolutionary processes, syringophilids seem to be very interesting object for consideration because of some reasons: specific habitat occupied (quill), strategy of gaining food (piercing quill's wall using chelicerae and feeding surrounding soft tissue), way of dispersion (mainly vertical transfer) (Kethley 1970 (Kethley , skoracki et al. 2010 ) and presumed evolutionary mode (resource tracking -following the optimum parameters of quills' volume and adjustment most favourable correlation between length of digitus mobilis and wall thickness) (Kethley and Johnston 1975) .
the thrush is a bird larger in size than the European robin and has larger secondaries ( Fig. 5A ) with thicker quill wall (Fig. 5B) . the diversifying characteristics are most probably related to different thickness of quill wall (in blackbird 58-81 µm, mean 66 ± 10 µm; in robin 35-46 µm, mean 38 ± 4 µm). Torotrogla merulae occupies the secondaries of the thrush and needs longer chelicerae to pierce the quill than T. rubeculi inhabiting thin-walled quills. sharp-ended tip of hypostomal protuberances in T. merulae may also additionally fix the hypostom in quill wall during food uptake. this is the reason why we connected these morphological differences with diet-related specialization, which is adaptation facilitating resource exploitation after colonization of new environment (likely recent transfer from blackbird to robin).
such response involving adjustment of organism at the level of the nutrition-dependent expression is common and was recorded in many taxa. For example, differences in pharyngeal jaw expression between the Midas cichlid fish groups were attributable to the diet's mechanical resistance (Muschick et al. 2011 ) and alternative morphologies in the mouth of the nematode Pristionchus pacificus sommer, carta, Kim et sternberg, 1996 and formation of teeth-like structures associated with feeding (Kiontke and Fitch 2010).
in some cases such ecological divergence can initiate speciation if subsets of a species or population evolve to specialize to different ecological resources and the resulting phenotypic modes become reproductively isolated. it opens up opportunities for diversification including speciation, e.g. the features of large and small beak morphs in medium ground finch, which diverged in response to variation in local food availability (Huber et al. 2007) . in this case, it was demonstrated that two morphs showed strong positive assortative pairing and restriction of gene flow 
between them was observed, which strongly supports the central role of ecological factor in the early stages of adaptive radiation. on the example of Torotrogla merulae and T. rubeculi we showed that different taxonomic characters such as morphology and DNA sequence data do not always diversify in a coordinated way. Basing on DNA-barcoding results presented in this paper we opt for acknowledging the conspecificity of these species and explaining the morphological differences as a result of phenotypic plasticity. We also admit that DNA sequences are not the only depositories of evolutionary history and they should be complemented by additional data, including breeding, ecology, and other crucial features, which potentially would give its own contribution to the species specificity. that is the reason why we refuse to draw any formal systematic move (as species synonymization), which would need not only much more extensive haplotypes sampling from all host species and from more numerous host individuals, but also a wide comprehensive knowledge on all fields mentioned above, which, in the case of quill mites, is still far from satisfactory.
